Objective. For radiofrequency neurotomy of the medial branch of the lumbar dorsal rami, physicians use techniques guided either by fluoroscopy or computerized tomography (CT), and advocate for their respective techniques. Crucial to the choice of technique is how well each can capture the target nerve. The present study was, therefore, undertaken to assess in cadavers the accuracy of fluoroscopic-guided and CT-guided techniques.
Introduction
Thermal radiofrequency neurotomy (thermocoagulation) of the medial branches of the dorsal branch of the spinal nerve is a treatment commonly used for chronic low back pain [1] . In order to place electrodes on the target nerves, some physicians prefer fluoroscopy guidance [2] while others prefer computerized tomography (CT) [3] . Although most published studies have relied on fluoroscopy guidance, proponents of CT guidance argue that it is no less effective [3] .
Some authors strongly argue that the effectiveness of thermocoagulation depends on placing the active tip of the electrode parallel to the target nerve [4] [5] [6] [7] [8] . As well, the active tip has to be within a certain distance of the nerve [9] .
A significant difference between fluoroscopy-guided and CT-guided techniques is the direction along which electrodes are inserted. In some fluoroscopy-guided techniques the electrode is inserted along a steep, cranio-ventral trajectory, whereas in CT-guided techniques the electrode is inserted ventrally the plane of the scan. In principle, this difference in trajectory affects the extent to which the electrode lies parallel to the target nerve and, therefore, the possible effectiveness of the procedure.
The present study was undertaken to asses this difference quantitatively, in cadavers. The extent to which electrodes were placed parallel to the target nerves was compared using fluoroscopy guidance and CT guidance.
Methods
Ten cadavers fixed with Thiel's method [10] were used. Each had been donated (seven male, three female) to the Institute of Anatomy of the Medical University of Graz, in accordance with the donation program of the Institute, and under approval of the Medical University of Graz.
In each cadaver, electrodes with a 10 mm active tip [RF Thermolesion-needle straight (100 mm length, active part 10 mm, 18G; Pierenkemper, Germany] were first paced on the left-hand side using fluoroscopy, and later on the right-hand side using CT. Under fluoroscopy, electrodes were placed at L2 and L4 in seven cadavers, and at L3 and L5 in three cadavers. In the latter cases, placement at L2 and L4 was not possible because of massive degenerative changes and lack of clear anatomic landmarks. Under CT, electrodes were placed at L2 and l4 in all cadavers. Fluoroscopy was performed in the dissection hall using a Siemens C-arm (Siemens, Erlangen Germany). CT was performed in a separate room using a Siemens Emotion 6.
Under fluoroscopy, electrodes were placed by an experienced pain specialist (BK), according to the techniques recommended by the International Spine Intervention Society [7] . In this technique each electrode is inserted from below the target nerve, along cranio-ventral trajectory, across the neck of the superior articular process (Figures 1 and 2 ).
Under CT, electrodes were placed by an experienced anesthetist (RL) in a manner typically used under CT, and which is similar to that used for diagnostic blocks [11] . Each electrode was inserted from behind the target nerve, along ventro-medial trajectory, across the superior edge of the costal process (clinically known as the transverse process; Figure 1 
and 3).
In order to prevent displacement of the electrodes during transport, of the cadaver to and from the CT room and the dissection hall, certain steps were taken. First, once each of the electrodes had been placed, the distance between the skin and the hub of the electrode was measured using callipers with an accuracy of 0.5 mm. The electrode was then inserted deeper into the cadaver in order to achieve stronger purchase, during transport.
An experienced, board-certified anatomist performed the dissections using a special flap dissection to preserve the position of the electrodes. The skin was incised lateral to the insertion point of each electrode. Subcutaneous and muscle tissue was removed, the lumbar aponeurosis was identified and the lateral branch of the dorsal ramus was exposed and traced medially, while preserving the tissue holding the electrode. The medial branch was found at its origin and the traced caudally. Tissue surrounding the nerve was carefully resected while reserving the position of the nerve and the tip of the electrode. At this stage, the needle was withdrawn until the previously measured distance from hub to skin was restored (Figure 4 ).
Two measurements were performed using callipers, with an accuracy of 0.5 mm. The distance between the nerve and the active tip of the electrode was measured, and parallelism was measured. For the purposes of the present study, parallelism was defined as the length of the active tip of the electrode that was parallel to the nerve. All relationships between electrodes and nerves were recorded photographically.
Measurements were tallied and mean distances or lengths, together with standard deviations, were calculated using SPSS 14 (SPSS Inc, Chicago, Il, USA).
Results
All 20 electrodes placed under fluoroscopy showed a steep cranially directed course, passing lateral to the target nerve, with a parallelism (mean 6 standard deviation) of 9 mm 6 1.9 mm (Table 1) [AU7]. At L2, in five of six cases the entire active tip of the electrode (10 mm) was parallel with the nerve, and fully in contact with it; in the other case the parallelism was 8 mm. At L4, the electrode was entirely parallel with the nerve in four cases; in one case it was parallel for 8 mm; and in the sixth case the electrode was parallel to the medial branch in 3 mm, but extended onto the dorsal ramus, but was not as far as the ventral ramus (Figure 4 ).
The electrodes inserted under CT were more horizontally orientated, with a parallelism of only 3.2 mm 6 3.2 mm (Table 1 ). In only one case was the entire active tip parallel to the nerve. In six cases the electrode did not reach the medial branch. In 13 cases, the parallelism ranged between 1 mm and mm, with no displacement between the electrode and nerve. In five cases the electrode was parallel to the dorsal ramus, not its medial branch. In two cases, the ventral branch was reached.
Discussion
The anatomy of the lumbar medial branches is fundamental to the accurate performance of their thermocoagulation. In this regard, our observations corroborate the descriptions of these nerves by Bogduk et al. [12] and subsequently by others [13] [14] [15] . Lau et al. [16] illustrated how electrodes matched the target nerve when the fluoroscopy-guided technique was used, but only in one Thermocoagulation: Floruoscopy vs CT cadaver. The present results corroborate those descriptions in seven cadavers.
Each medial branch arises at the superior border of the costal (transverse) process, and runs caudally and dorsally across the neck of the superior articular process, before turning medially under the mammillo-accessory ligament [12, 16] . For the purposes of thermocoaulation, the medial branch is accessible only where it runs across the neck of the superior articular process. At L5, the anatomy is analogous but the target nerve is the L5 dorsal ramus, not its medial branch [12, 16] . For optimal coagulation of the nerve, Bogduk [7] postulated that the electrode should lie parallel to the nerve, as close as possible to it, and for as long a length as possible.
The results of the present study show that the fluoroscopy-guided technique satisfies these criteria consistently, and far more reliably than does the CTguided technique. This superiority, however, relates not to any intrinsic difference between fluoroscopy an CT, but to the different trajectories that the two imaging techniques permit.
Under fluoroscopy, electrodes can be introduced from below, along a cranio-ventral trajectory designed to match the course and orientation of the medial branches ( Figure 4 ). Although it is not impossible to use such a trajectory under CT, it is very difficult to do so, because for most of the course of the electrode it is out of the plane of view. For that reason, under CT guidance, electrodes are typically inserted more or less along a horizontal plane, where they can be seen in the axial view generated by CT. However, such trajectories do not match the orientation of the medial branch other than, perhaps, near its origin from the dorsal ramus. The results of the present study vindicate this theoretical deduction empirically.
The CT-guided technique often failed to reach the medial branch at all. When it did reach the nerve, the full length of the active tip rarely ran fully parallel to the nerve; only parts of it were parallel. Often the tip passed beyond the medial branch to reach the dorsal ramus or even the ventral ramus. Coagulation of either of these nerves is not the objective of the procedures, and risks unwanted complications. 
Feigl et al.
In a clinical study, Park [3] reported that the outcomes of thermocoagulation using CT guidance were not different from those using fluoroscopy guidance, and argued in favor of CT guidance. However, that study was compromised by a critical feature: both under CT and fluoroscopy, electrodes were inserted along the axial plane; the caudal, parallel trajectory was not used. Therefore, the study of Park is not a valid test between CT-guided thermocoagulation and the recommended method of performance under fluoroscopic guidance [7] . Note how the dissection was performed along a lateral approach so as to preserve the position of the electrodes, which is held in placed by the puncture points in the skin. Table 1 The lengths (mm) of the active tip of the electrode that was parallel to the target nerve, when placed using fluoroscopy guidance or CT guidance, at the segments indicated, and in the cadavers indicated. CT: computerized tomography The results of the present study allow for two sets of conclusions and recommendations for practice. They show that the recommended fluoroscopy-guided technique consistently and virtually maximally captures the target nerve, and should be the technique to be used for lumbar medial branch radiofrequency thermal neurotomy. Reciprocally and in contrast, the results show that the electrode placement under CT guidance fails to capture the target nerve consistently and adequately, and so CT guidance cannot be relied upon for the conduct of medial branch thermocoagulation. For CT to be used to guide electrodes into position, a modified technique needs to be developed and validated.
